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i +Tim`BM;- bm#D2+ib bi +QK7Q`i#Hv BM M Q{+2 +?B` M/ Tmi i?2 `B;?i
2H#Qr QM i?2 /2bFiQT- b b22M BM 6B;X RX h?2`2 rb MQ `2bi`B+i2/ `mH2 QM i?2 2H#Qr
DQBMi M;H2 Q` i?2 7Q`+2 2zQ`i QM i?2 ;2bim`2bX 1+? bm#D2+i rb `2[mB`2/ iQ BKTH2@
K2Mi irQ b2bbBQMb 2+? /v rBi? M BMi2`pH Q7 #Qmi ?H7 M ?Qm`- M/ `2+Q`/2/ 7Q`
i2M /vbX 6Q` 2+? b2bbBQM- bm#D2+ib r2`2 `2[mB`2/ iQ 7QHHQr i?2 +m2 bB;MHb iQ T2`@
7Q`K ?M/ KQiBQMb b2[m2MiBHHv BM  `M/QK Q`/2`- M/ 2+? KQiBQM Hbi2/ 7Q` i2M
b2+QM/bX h?2b2 KQiBQMb BM+Hm/BM; >M/ _2bi UHRV- >M/ *HQb2/ UHCV- >M/ PT2M
UHOV- q`Bbi 6H2tBQM UWF V- q`Bbi 1ti2MbBQM UWEV- q`Bbi S`QMiBQM UWP V- q`Bbi
amTBMiBQM UWSV- lHM` 6H2tBQM UUF V- _/BH 6H2tBQM URF V- 6BM2 SBM+? UFP V- F2v
TBi+? UKP V- bT?2`B+H ;`bT USGV M/ +vHBM/`B+H ;`bT UCGVX 6B;X k /2KQMbi`i2b
Re +?MM2Hb Q7 b1J: bB;MH /m`BM;  R9y b2+QM/ `2+Q`/BM; T2`BQ/ UBX2X  b2bbBQMVX
kX9X .i a2;K2MiiBQM M/ 62im`2 1ti`+iBQM
kX9XRX aHB/BM; rBM/Qr 7Q` 72im`2 2ti`+iBQM
aHB/BM; rBM/Qr 7mM+iBQMb iQ b2;K2Mi 1J: bB;MHb M/ 2biBKi2 i?2 BMi2M/2/ KQ@
iBQMb 7`QK 2+? rBM/Qr #v +QMiBMmQmb +HbbB}+iBQM32X AM 2p2`v rBM/Qr- b1J:
72im`2b +M #2 Q#iBM2/ 7`QK KmHiBTH2 1J: +?MM2HbX 6B;X j BHHmbi`i2b i?2 BM+`2@
K2MiH rBM/Qrb- r?2`2 QM2 +?MM2H Q7 1J: bB;MH Bb b2;K2Mi2/ #v bHB/BM; rBM/Qrb-
r?2`2 w Bb i?2 rBM/Qr H2M;i?c t Bb i?2 BM+`2K2MiH BMi2`pH M/ τ Bb i?2 T`Q+2bbBM;
/2HvX qBi?BM  T2`BQ/ Q7 t- +HbbB}+iBQM /2+BbBQM M22/b #2 K/2 iQ K22i i?2 `2H@
iBK2 `2[mB`2K2Mi- τ ≤ tX h?2b2 T`K2i2`b bQK2r?i z2+i i?2 T2`7Q`KM+2 Q7 
JvQJ>A- b /Bb+mbb2/ #2HQrX
• qBM/Qr H2M;i? UwVX Ai /2i2`KBM2b i?2 KQmMi Q7 /i #2BM; mb2/ BM i?2 72@
im`2 2ti`+iBQM M/ +HbbB}+iBQMX  H`;2` KQmMi Q7 /i rBHH +QMi`B#mi2
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Figure 3. Slinding winding for feature extraction, adopted from31
to a lower statistical variance of features, and therefore, achieve greater classification 
accuracy32. However, it would induce a longer processing delay. 
 Incremental interval (t). It determines the bounds allowing the control system to extract
feature vectors as well as generate a classification decision.  Thus, the computing time of any
algorithm should satisfy this demand.
2.4.2 Feature extraction 
The most prevalent Hudgins’ TD features, including Mean Absolute Value (MAV), Waveform Length (WL), 
Zero Crossing (ZC) and Slope Sign Changes (SSC), in combination with 4-th order autoregressive 
coefficients (AR4) are adopted as the baseline feature options. The definition of these sEMG features is 
defined as below, where N is the sliding window size, and xi is an instant sEMG value at the time point i. 
 MAV is an average of absolute value in the segment, which relatively accurately illustrates the 
change trend of the absolute value in sEMG signal. MAV could be defined as
 WL is the cumulative length of the waveform of an EMG. It can be formulated as
6
• w* Bb i?2 MmK#2` Q7 iBK2b i?i  bB;MH +`Qbb2b x2`Q- r?B+? Bb bQK2r?i








1 x > ε
0 x ! ε U9V
M/ ε Bb i?2 i?`2b?QH/ iQ pQB/ HQr@H2p2H MQBb2bX
• aa* T`QpB/2b MQi?2` K2bm`2 Q7 7`2[m2M+v +QMi2Mi K2bm`BM; i?2 MmK#2`




f(xi−1, xi, xi+1), U8V
r?2`2




1 (xi+1 − xi)(xi−1 − xi) > 0 AND
(|xk+1 − xk| > ε OR |xk−1 − xk| > ε)
0 else
UeV
• miQ@`2;`2bbBp2 U_V +Q2{+B2Mib `2 mbmHHv mb2/ b 72im`2b Q7 1J: bB;@
MHbX _ KQ/2H T`2b2Mib i?i M 1J: bB;MH +M #2 +QMbB/2`2/ b  HBM2`
+QK#BMiBQM Q7 T`2pBQmb 1J: bB;MH Uxk−iV THmb  r?Bi2 MQBb2 2``Q` i2`K




aixk−i + ek, UdV
r?2`2 p Bb i?2 Q`/2` Q7 _ KQ/2H- M/ ai Bb i?2 +Q2{+B2Mib i?i `2 miBHBb2/
b 1J: 72im`2bX
AM i?2 +m``2Mi bim/v- i?2 T`K2i2`b Q7 i?2 w M/ t `2 b2i iQ k8e Kb M/ e9 Kb-
`2bT2+iBp2HvX aBM+2 i?2 b1J: bB;MH Bb +Tim`2/ i i?2 bKTHBM; 7`2[m2M+v Ryyy >x-
k8e Kb b1J: bB;MH +QMiBMb k8e bKTHBM; TQBMib UBX2X N = 256VX h?2 i?`2b?QH/ ε
7Q` i?2 +H+mHiBQM Q7 w* M/ aa* Bb b2i iQ 3 KpX 1+? ;2bim`2 KBMiBMb 7Q` i2M
b2+QM/b- r?B+? HHQrb i?2 b1J: bB;MH rBi?BM i2M b2+QM/b +QMiBMBM; #Qi? i`MbB2Mi
M/ bi2/v bB;MHX h?2 i`MbB2Mi bB;MHb `2 2t+Hm/2/ #v `2KQpBM; i?2 bB;MHb Q7 i?2
}`bi }p2 b2+QM/bX
7i2` `2KQpBM; i`MbB2Mi bB;MH- i?2 b1J: 72im`2 URk3 /BK2MbBQMbV `2 2t@
i`+i2/ rBi? bHB/BM; rBM/Qr b2;K2MiiBQMX 1p2MimHHv- i?Bb bim/v Q#iBMb RN8y
bKTH2b BM QM2 /v- M/ R8y bKTH2b T2` ;2bim`2X AM i?2 7QHHQrBM; i2bi- i?2 }i@
M2bb pHm2 Q7 i?2 ;2M2iB+ H;Q`Bi?K Bb i?2 p2`;2/ +HbbB}+iBQM ++m`+v BM Ry@7QH/
+`Qbb pHB/iBQM- r?2`2 i?2 bKTH2b 7`QK QM2 Q7 i2M /vb `2 b2H2+i2/ BM im`M 7Q`
i2bi- M/ i?2 `2bi 7Q` +HbbB}+iBQM i`BMBM;X
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kX8X G. *HbbB}2`
GBM2` /Bb+`BKBMMi MHvbBb UG.V #b2/ +HbbB}+iBQM TT`Q+? Bb rB/2Hv ++2Ti2/
BM b1J: bB;MH +HbbB}+iBQM- #2+mb2 Bi +M T`QpB/2 `Q#mbi +HbbB}+iBQM `2bmHi
;BMbi i?2 b1J: BMi2`72`2M+2bX G. bbmK2b /i Q7 2+? +Hbb 7QHHQrb KmHiBp`B@
i2 :mbbBM /Bbi`B#miBQM rBi? ?QKQb+2/biB+ +Qp`BM+2X h?2 T`Q##BHBiv /2MbBiv
7mM+iBQM P (x|i) Q7 i?2 +Hbb i Bb /2}M2/ b,




(x− µi)TΣ−1i (x− µi))) U3V
r?2`2 |x| Bb i?2 /BK2MbBQM Q7 i?2 p2+iQ` x- µi M/ Σi `2 i?2 K2M p2+iQ` M/ i?2
+Qp`BM+2 Ki`Bt 7Q` i?2 +Hbb iX ++Q`/BM; iQ i?2 "v2bBM +HbbB}2`- i?2 /2+BbBQM
7mM+iBQM Q7 G. +M #2 bBKTHB}2/ b,




TΣ−1µi + ln p(ωi) UNV
r?2`2 ln p(ωi) Bb i?2 T`BQ` T`Q##BHBiv Q7 +Hbb ωiX Ai ;2M2`HHv bbmK2b i?2 T`BQ`
T`Q##BHBiv Bb i?2 bK2 M/ ?QKQb+2/biB+ 7Q` HH +iBQMb BM ;2bim`2 `2+Q;MBiBQM- BX2X
ln p(ωi) Bb i?2 bK2 7Q` 2+? +Hbb M/ +M #2 B;MQ`2/ BM +HbbB}+iBQMX h?2 TQQH2/
+Qp`BM+2 Ki`Bt Σ Bb +H+mHi2/ b i?2 p2`;2 +Qp`BM+2 Ki`Bt2b Q7 HH +Hbb2bX
b  `2bmHi- µi M/ Σi `2 i?2 QMHv T`K2i2`b BM G.- r?2`2 i = 1, 2, ...c M/ c
Bb i?2 MmK#2` Q7 +Hbb2bX  bKTH2 x Bb bbB;M2/ iQ i?2 +Hbb i B7 g(x, i) > g(x, j)
r?2`2 j ̸= i- M/ 1 ≤ j, i ≤ cX
kXeX :2M2iB+ H;Q`Bi?K 7Q` *?MM2H a2H2+iBQM
kXeXRX *?`QKQbQK2 2M+Q/BM;
"BM`v 2M+Q/BM; Bb mb2/ BM i?Bb bim/v iQ T`2b2Mi i?2 +?MM2H +QK#BMiBQMb- M/
i?mb i?2 +?`QKQbQK2b Bb  bi`BM; Q7 #Bib Uy Q` RVX y BM/B+i2b i?2 +Q``2bTQM/BM;
+?MM2H i?i Bb MQi b2H2+i2/- r?BH2 R BM/B+i2b b2H2+iBM; i?2 +?MM2HX q2 /2}M2 Ci
b i?2 bii2 Q7 i?2 +?MM2H iX Ci = 1 BM/B+i2b iQ b2H2+i +?MM2H i- r?BH2 Ci = 0
BM/B+i2b MQi iQ b2H2+i +?MM2H iX
∑16
i=1 Ci = N BM/B+i2b N +?MM2Hb `2 b2H2+i2/ BM
i?2 +?`QKQbQK2X 6B;X 9 /2KQMbi`i2b  +?`QKQbQK2 i?i BM/B+i2b C1 = 0- C2 = 1-
C3 = 0- C4 = 1- C5 = 0- C6 = 1- C7 = 0- C8 = 1- C9 = 1- C10 = 0- C11 = 1-
C12 = 1- C13 = 0- C14 = 0- C15 = 0- C16 = 1X
Channel ID: 
0 1 0 1 0 1 0 1 1 0 1 1 0 0 0 1Chromosome: 
C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 
6B;m`2 9X h?2 #BM`v 2M+Q/BM; Q7  +?`QKQbQK2 rBi? +?MM2H k- 9- e- 3- N- RR- Rk- Re b2H2+i2/X
8
kXeXkX *`QbbQp2` M/ KmiiBQM
aBM;H2 TQBMi +`QbbQp2` Bb /QTi2/ BM i?Bb bim/B2b iQ ;2M2`i2 i?2 M2r QzbT`BM;bX PM2
+`QbbQp2` TQBMi Bb `M/QKHv ;2M2`i2/ #27Q`2 +`QbbQp2`X hrQ T`2Mi +?`QKQbQK2b
UBX;X *?`QKQbQK2  M/ "V ;2M2`i2 irQ +?BH/ +?`QKQbQK2b UBX2X *?`QKQbQK2 Y"
M/ *?`QKQbQK2 "YVX Y" +QMiBMb i?2 ;2Mb 7`QK i?2 #2;BMMBM; iQ i?2 +`QbbQp2`
TQBMi Q7 - M/ i?2 ;2Mb 7`QK i?2 +`QbbQp2` TQBMi iQ i?2 2M/ Q7 "X aBKBH`Hv- "Y
+QMiBMb i?2 ;2Mb 7`QK i?2 #2;BMMBM; iQ i?2 +`QbbQp2` TQBMi Q7 "- M/ i?2 ;2Mb 7`QK
i?2 +`QbbQp2` TQBMi iQ i?2 2M/ Q7 X h?Bb bim/v /QTib #Bi BMp2`bBQM i?i b2H2+ib QM2
#Bi BM  +?BH/ +?`QKQbQK2 7i2` +`QbbQp2`- M/ BMp2`b2b Bi mM/2`  ;Bp2M TQbbB#BHBiv
UpV- b /2KQMbi`i2/ BM 6B;X 8X
1	 1	 0	 1	 0	 1	 0	 1	 1	 0	 1	 0	 0	 0	 0	 1	Chromosome A: 
0	 0	 0	 1	 1	 0	 1	 1	 0	 1	 1	 1	 1	 0	 0	 0	Chromosome B: 
1	 1	 0	 1	 0	 1	 1	 1	 0	 1	 1	 1	 1	 0	 0	 0	Chromosome A+B: 
Crossover point 
0	 0	 0	 1	 1	 0	 0	 1	 1	 0	 1	 0	 0	 0	 0	 1	Chromosome B+A: 
1	 1	 0	 1	 0	 0	 1	 1	 0	 1	 1	 1	 1	 0	 0	 0	
0	 0	 0	 1	 1	 0	 0	 1	 1	 0	 1	 1	 0	 0	 0	 1	
p 




6B;m`2 8X *`QbbQp2` M/ KmiiBQM iQ ;2M2`i2 M2r +?`QKQbQK2bX
kXeXjX #MQ`KH +?`QKQbQK2 `2KQp2`
q?2M Bi Bb /2+B/2/ iQ b2H2+i +2`iBM MmK#2` Q7 +?MM2Hb 7`QK Re +?MM2Hb UBX2X∑16
i=1 Ci = NV- +`QbbQp2` M/ KmiiBQM rQmH/ ;2M2`i2 QzbT`BM;b i?i Kv +QMiBM
KQ`2 Q` H2bb +?MM2Hb i?M i?2 `2[mB`2K2Mi UBX2X
∑16
i=1 Cinot = NVX h?2`27Q`2- QMHv
i?2 MQ`KH +?`QKQbQK2 i?i +QMiBMb `2[mB`2/ +?MM2H MmK#2` rBHH #2 Tmi BMiQ i?2
TQTmHiBQM TQQH Q7 i?2 M2r ;2M2`iBQMX
kXeX9X H;Q`Bi?K BKTH2K2MiiBQM
H;Q`Bi?K R /2KQMbi`i2b i?2 BKTH2K2MiiBQM Q7 i?2 ;2M2iB+ H;Q`Bi?K 7Q` +?MM2H
b2H2+iBQM- BM r?B+? i?2 bBx2 Q7 TQTmHiBQM Bb b2i iQ 8y- M/ Ry #2bi +?`QKQbQK2b
`2 b2H2+i2/ iQ ;2M2`i2 QzbT`BM;bX h?2 TQbbB#BHBiv Q7 KmiiBQM Bb b2i iQ yXN BM i?2
+m``2Mi bim/vX h?2 }iM2bb Bb i?2 Ry@7QH/ pHB/iBQM ++m`+v #v  G. +HbbB}2`X
h?2 H;Q`Bi?K }MBb?2b r?2M i?2 b2H2+i2/ i2M #2bi +?`QKQbQK2b `2 i?2 bK2 b
i?2 +?`QKQbQK2b Q7 i?2B` T`2MibX h?2 BMTmib Q7 i?2 H;Q`Bi?Kb `2 bKTH2b Q7
QM2 bm#D2+i- M/ i?2 MmK#2` Q7 +?MM2HbX h?2 `2im`M pHm2b +QMiBM i?2 #2bi Ry
9
+?`QKQbQK2b UChrV b r2HH b i?2 +Q``2bTQM/BM; ++m`+B2b UChraccVX
H;Q`Bi?K R :2M2iB+ H;Q`Bi?K 7Q` +?MM2H b2H2+iBQM
R, T`Q+2/m`2 :2MH;USamples,NV
k, _M/QKHv BMBiBHBb2 8y +?`QKQbQK2b
j, AMBiBHBb2 PreviousnChr iQ x2`Q Ki`Bt
9, a2H2+i i?2 Ry #2bi +?`QKQbQK2b UChrV ++Q`/BM; iQ i?2 }iM2bb
8, r?BH2 PreviousnChr ̸= Chr /Q
e, PreviousnChr ← Chr
d, Smi i?2 Ry #2bi +?`QKQbQK2b BMiQ i?2 TQTmHiBQM Q7 M2ti ;2M2`iBQM
3, r?BH2 h?2 TQTmHiBQM Q7 M2ti ;2M2`iBQM /Q2b MQi `2+? 8y /Q
N, _M/QKHv b2H2+i irQ +?`QKQbQK2b 7`QK Chr
Ry, :2M2`i2 irQ +?BH/ +?`QKQbQK2b pB +`QbbQp2` M/ KmiiBQM Up = 0.9V
RR, B7 PM2 Q` irQ +?BH/ +?`QKQbQK2UbV Bb MQ`KH i?2M
Rk, Smi i?2 MQ`KH +?BH/ +?`QKQbQK2UbV BMiQ i?2 TQTmHiBQM
Rj, a2H2+i i?2 Ry #2bi +?`QKQbQK2b UChrV ++Q`/BM; iQ i?2 }iM2bb
R9, `2im`M Chr- Chracc ◃ Chracc Bb i?2 }iM2bb UBX2X ++m`+vV
kXdX J2i`B+b






r?2`2 N BM/B+i2b i?2 iQiH MmK#2` Q7 T`2/B+iBQMb- M/ T K2Mb i?2 MmK#2`
Q7 +Q``2+i T`2/B+iBQMbX h?2 7mM+iBQM 7Q` i?2 +H+mHiBQM Q7 i?2 ++m`+v Bb
HbQ `2;`/2/ b i?2 }iM2bb 7mM+iBQM Q7 i?2 T`QTQb2/ ;2M2iB+ H;Q`Bi?KX
• h?2 +HbbB}+iBQM acc Bb HbQ
jX _2bmHib
jXRX >Qr ?M/ KQiBQM ++m`+v +?M;2 rBi? i?2 MmK#2` Q7 b1J: +?MM2Hb
6Q` i?2 +HbbB}+iBQM Q7 i?B`i22M ?M/ ;2bim`2b- i?2 +HbbB}+iBQM ++m`+B2b HQ;@
`Bi?KB+HHv ;`Qrb rBi? i?2 BM+`2b2 MmK#2` Q7 b2H2+i2/ b1J: +?MM2H 7Q` #Qi?
QTiBKHHv b2H2+iBQM M/ `M/QK b2H2+iBQM +b2b- b /2KQMbi`i2/ BM 6B;X d- X +@
+Q`/BM; iQ i?2 2tT2`BK2MiH `2bmHib-  }iiBM; +m`p2b +QmH/ #2 Q#iBM2/ b
y = 0.12ln(x) + 0.48, URRV
M/
y = 0.14ln(x) + 0.41 URkV
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* *** * *
6B;m`2 eX  +QKT`BbQM Q7 ++m`+B2b #2ir22M QTiBKHHv b2H2+i2/ +?MM2H M/ `M/QKHv b2H2+i2/
+?MM2HX h?2 2``Q` #` BM/B+i2b i?2 biM/`/ /2pBiBQM +`Qbb bBt bm#D2+ibX aiiBbiB+H MHvbBb
`2bmHib +QKT`BM; irQ +?MM2H b2H2+iBQM TT`Q+?2b `2 b?QrM #Qp2 i?2 +Q``2bTQM/BM; MmK#2` Q7
+?MM2Hb- r?2`2 bB;M  /QMi2b T < yXy8 M/ bB;M   /QMi2b T < yXyy8X
7Q` QTiBKHHv M/ `M/QK b2H2+iBQM TT`Q+?- rBi? +Q2{+B2Mi Q7 /2i2`KBMiBQM Q7
yXNj- M/ yXNd `2bT2+iBp2HvX h?2 iQT ++m`+v Q7 d3X8NW rb +?B2p2/ r?2M HH
bBti22M +?MM2Hb r2`2 b2H2+i2/- r?BH2 i?2 HQr2bi ++m`+v Q7 QMHv jdX9dW +QmH/ #2
Q#iBM2/ r?2M `M/QKHv b2H2+i QM2 +?MM2H 7`QK bBti22M +?MM2HbX hQ `2+? NdW
Q7 i?2 KtBKmK ++m`+v mbBM; HH Re b1J: +?MM2Hb- i?2 2tT2`BK2Mib #Qmi Rk
+?MM2Hb b?QmH/ #2 b2H2+i2/- MQ Kii2` BM QTiBKH Q` `M/QK TT`Q+?X hQ `2+?
KQ`2 i?M NyW Q7 i?2 KtBKmK ++m`+v- i H2bi bBt +?MM2Hb M22/ iQ #2 QTiBKHHv
b2H2+i2/- #mi i H2bi b2p2M +?MM2Hb `2 `2[mB`2/ 7Q` `M/QK +?MM2H b2H2+iBQM T@
T`Q+?X Ai rb HbQ 7QmM/ i?i i?2 ++m`+v BKT`Qp2K2Mi #v i?2 QTiBKH TT`Q+?
rb Km+? Q#pBQmb r?2M QMHv  72r +?MM2Hb UBX2X < 3V r2`2 `2[mB`2/ iQ #2 b2H2+i2/X
aiiBbiB+H MHvbBb /2KQMbi`i2/ i?i i?2 BKT`Qp2K2Mi r2`2 bB;MB}+Mi UT < yXy8-
TB`2/ i@i2biV r?2M QMHv j- 9- 8- d Q` 3 +?MM2Hb r2`2 `2[mB`2/X
h?2 +?MM2H b2H2+iBQM TT`Q+?2b r2`2 HbQ 2pHmi2/ BM i?2 +HbbB}+iBQM Q7
/Bz2`2Mi ;`QmTb Q7 ?M/ ;2bim`2bX h?2 2tT2`BK2Mib /BpB/2/ i?2 ?M/ ;2bim`2b BMiQ
i?`22 bm#;`QmT Q7 ;2bim`2b, #bB+ ;2bim`2b- r`Bbi ;2bim`2- M/ ;`bT ;2bim`2bX HR-
HC M/ HO r2`2 BM+Hm/2/ BM #bB+ ;2bim`2bX WF - WE- WP - WS- UF - M/ RF
r2`2 ;`QmT2/ BMiQ r`Bbi ;2bim`2bX h?2 2tT2`BK2MiH `2bmHib r2`2 ;Bp2M BM 6B;X dX
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All Gestures, Optimal Selection
All Gestures, Random Selection
Basic Gestures, Optimal Selection
Basic Gestures, Random Selection
Wirst Gestures, Optimal Selection
Wrist Gestures, Random Selection
Grasp Gestures, Optimal Selection
Grasp Gestures, Random Selection
6B;m`2 dX  +QKT`BbQM Q7 i?2 2z2+ib Q7 +?MM2H QTiBKBbiBQM 7Q` /Bz2`2Mi ;`QmTb Q7 ?M/ ;2bim`2bX
h?2 +HbbB}+iBQM ++m`+v 7Q` i?`22 #bB+ ?M/ ;2bim`2b r?2M mbBM; HH Re +?MM2Hb
r2`2 KQ`2 i?M NyW- i?i rb `QmM/ 8W ?B;?2` i?M i?i Q7 +HbbB7vBM; bBt r`Bbi
;2bim`2bX h?2 ++m`+B2b Q7 +HbbB7vBM; HH i?2 i?B`iv ;2bim`2b r2`2 bBKBH` rBi? i?i
Q7 +HbbB7vBM; 7Qm` ;`bT ;2bim`2b- r?B+? r2`2  HBiiH2 #Bi HQr2` i?M 3yWX aiiBbiB+H
MHvbBb /2KQMbi`i2/ i?i i?2 QTiBKH bQHmiBQM rb MQi bB;MB}+MiHv Up < 0.05V
#2ii2` i?M `M/QK b2H2+iBQM bQHmiBQM- r?2M +HbbB7vBM; i?`22 #bB+ ?M/ ;2bim`2bX
>Qr2p2`- 7Q` +HbbB7vBM; i?2 r`Bbi ;2bim`2b- QTiBKH b2H2+iBQM TT`Q+? bB;MB}+MiHv
QmiT2`7Q`K2/ Up < 0.05V `M/QK b2H2+iBQM TT`Q+? r?2M mbBM; R iQ 3 +?MM2Hb Q7
b1J: bB;MHbX h?2 biiBbiB+HHv bB;MB}+Mi BKT`Qp2K2Mi rb HbQ B/2MiB}2/ r?2M
+HbbB7vBM; 7Qm` ;`bT ;2bim`2b- #mi QMHv 7Q` R- 9- 8 +?MM2Hb Q7 b1J: bB;MHbX AM
bmK- bBKBH` T2`7Q`KM+2 +QmH/ #2 7QmM/ r?2M +HbbB7vBM; /Bz2`2Mi ;`QmTb Q7 ?M/
;2bim`2b- M/ QTiBKH b2H2+iBQM ;2M2`HHv QmiT2`7Q`K2/ `M/QK b2H2+iBQM- 2bT2+BHHv
r?2M i?2 `2[mB`2/ +?MM2H MmK#2`b r2`2 H2bb i?M 2B;?i +?MM2HbX
jXkX q?B+? +?MM2Hb +M #2 b2H2+i2/\
1t+2Ti 7Q` i?2 BMp2biB;iBM; Q7 i?2 `2HiBQM #2ir22M ?M/ KQiBQM +HbbB}+iBQM +@
+m`+B2b M/ i?2 miBHBb2/ MmK#2` Q7 +?MM2Hb- i?Bb bim/v HbQ +QM+2`M2/ r?2i?2`
i?2`2 2tBbib +2`iBM +?MM2Hb i?i +QmH/ +QMbBbi2MiHv T`QpB/2 2z2+iBp2 b1J: bB;@
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(1) 3 channels



















































































6B;m`2 3X h?2 biiBbiB+H `2bmHib Q7 i?2 b2H2+i2/ +?MM2Hb +`Qbb bBt bm#D2+ib- r?2`2 i?2 iQiH MmK#2`
Q7 j- 9- 8- e M/ d +?MM2Hb `2 +QM+2`M2/- b `2T`2b2Mi2/ BM bm#};m`2b URV- UkV- UjV- U9V- M/ U8V-
`2bT2+iBp2HvX h?2 ?2B;?i Q7 2+? #` BM/B+i2b i?2 T`Q##BHBiv i?i i?2 +Q``2bTQM/BM; +?MM2H rb
T`272``2/ 7Q` bBt i2bi2/ bm#D2+ibX am#};m`2 UeV /2KQMbi`i2b i?2 p2`;2/ T`Q##BHBiv 7Q` i?2 #Qp2
}p2 +b2b- r?2`2 i?2 2``Q` BM/B+i2b i?2 biM/`/ /2pBiBQMbX
MHbX ++Q`/BM; iQ i?2 T`2pBQmb 2tT2`BK2MiH `2bmHib- QTiBKHHv b2H2+iBM; i?`22 iQ
b2p2M +?MM2Hb +QmH/ +?B2p2 biiBbiB+HHv bB;MB}+Mi BKT`Qp2K2Mi ;BMbi `M/QK
b2H2+iBQM- M/ i?mb i?`22 iQ b2p2M +?MM2Hb r2`2 iF2M BMiQ +QMbB/2`iBQM BM i?2
7QHHQrBM; 2tT2`BK2MibX
6B`biHv- Bi rb MQi 7QmM/ i?i i?2 b2H2+i2/ +?MM2Hb 7`QK /Bz2`2Mi bm#D2+ib r2`2
+QMbBbi2Mi- #mi i?2`2 /B/ 2tBbi b2p2`H +?MM2Hb i?i +QmH/ T`QpB/2 #2ii2` bB;MH
;BMbi Qi?2`bX b /2KQMbi`i2/ BM 6B;bX 3 URV- UkV M/ U8V- +?MM2H N r2`2 +QMbBb@
i2MiHv b2H2+i2/ 7Q` HH bm#D2+ibX *?MM2H d r2`2 HbQ +QMbBbi2MiHv b2H2+i2/ BM 6B;bX
3 UjV M/ U9VX b i?2 Qp2`HH `2bmHib /2KQMbi`i2/ BM 6B;X 3 UeV- +?MM2H N QrM2/
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6B;m`2 NX  +QKT`BbQM Q7 +`Qbb@pHB/iBQM ++m`+B2b #2ir22M QTiBKHHv b2H2+i2/ +?MM2Hb M/
`M/QKHv b2H2+i2/ +?MM2HbX h?2 2``Q` #` BM/B+i2b i?2 biM/`/ /2pBiBQM +`Qbb bBt bm#D2+ibX
aiiBbiB+H MHvbBb `2bmHib +QKT`BM; irQ +?MM2H b2H2+iBQM TT`Q+?2b `2 b?QrM #Qp2 i?2 +Q`@
`2bTQM/BM; MmK#2` Q7 +?MM2Hb- r?2`2 bB;M  /QMi2b T < yXy8 M/ bB;M   /QMi2b T < yXyy8X
i?2 ?B;?2bi T`Q##BHBiv iQ #2 b2H2+i2/- r?B+? rb biiBbiB+HHv bB;MB}+Mi UT < yXy8V
;BMbi i?2 Qi?2` +?MM2Hb 2tT2+i +?MM2H d M/ RRX
jXjX *`Qbb@pHB/iBQM
h?2 +`Qbb bm#D2+i pHB/iBQM `2bmHib `2 /2KQMbi`i2/ BM 6B;XNX h?2 bK2 b +`Qbb@
/v@pHB/iBQM `2bmHib /2KQMbi`i2/ BM 6B;X e- i?2 +HbbB}+iBQM ++m`+B2b HQ;`Bi?@
KB+HHv ;`Qrb rBi? i?2 BM+`2b2 MmK#2` Q7 b2H2+i2/ b1J: +?MM2H 7Q` #Qi? QTiBKHHv
M/ `M/QK +?MM2H b2H2+iBQM TTQ`+?X ++Q`/BM; iQ i?2 2tT2`BK2MiH `2bmHib- 
}iiBM; +m`p2b +QmH/ #2 Q#iBM2/ b
y = 0.13ln(x) + 0.44, URjV
7Q` QTiBKHHv b2H2+iBQM TT`Q+? rBi? i?2 +Q2{+B2Mi Q7 /2i2`KBMiBQM Q7 yXN9X Ai rb
+H2`Hv /2KQMbi`i2/ i?i QTiBKHHv b2H2+iBM; +?MM2H +QmH/ 7mM+iBQM r?2M QMHv irQ
iQ 7Qm` +?MM2Hb r2`2 `2[mB`2/ iQ #2 b2H2+i2/- M/ Qm` biiBbiB+H MHvbBb b?Qr2/
i?i i?2 BKT`Qp2K2Mib r2`2 bB;MB}+Mi Up < 0.05V r?2M i?2 MmK#2` Q7 +?MM2Hb
r2`2 i?`22 M/ 7Qm`X h?2 ++m`+v BKT`Qp2/ 7`QK 83X9W iQ ekXNW #v 9X8W- M/
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6B;m`2 RyX *`Qbb@b2+iBQMH MiQKv i i?2 H2p2H T`QtBKH 7Q`2`K M/ KB/ 7Q`2`KX *R iQ *Re BM/B@
+i2 i?2 `Qm;? TQbBiBQM Q7 i?2 b1J: +?MM2H +Q``2bTQM/BM; iQ i?2 7Q`2`K Kmb+H2X SG- #/m+iQ`
TQHHB+Bb HQM;mbc "_- #`+?BQ`/BHBbc 1*_"- 2ti2MbQ` +`TB `/BHBb #`2pBbc 1*_G- 2ti2MbQ` +`TB
`/BHBb HQM;mbc 1*l- 2ti2MbQ` +`TB mHM`Bbc 1.*- 2ti2MbQ` /B;BiQ`mK +QKKmMBbc 1.J- 2ti2MbQ`
/B;BiB KBMBKBc 1AS- 2ti2MbQ` BM/B+Bb T`QT`Bmbc 1S"- 2ti2MbQ` TQHHB+Bb #`2pBbc 1SG- 2ti2MbQ` TQHHB+Bb
HQM;mbc 6*_- ~2tQ` +`TB `/BHBbc 6*l- ~2tQ` +`TB mHM`Bbc 6.S- ~2tQ` /B;BiQ`mK T`Q7mM/mbc
6.a- ~2tQ` /B;BiQ`mK bmT2`}+BHBbc 6SG- ~2tQ` TQHHB+Bb HQM;mbc SG- THK`Bb HQM;mbc SZ- T`QMiQ`
[m/`imbc Sh- T`QMiQ` i2`2bX
7`QK ejX9W iQ eeXjW #v 9X8W r?2M QMHv i?`22 M/ 7Qm` +?MM2Hb r2`2 `2[mB`2/ iQ
#2 b2H2+i2/X AM i2`Kb Q7 r?B+? i?`22 Q` 7Qm` +?MM2Hb b?QmH/ #2 b2H2+i2/- b H`2/v
/2KQMbi`i2/ BM 6B;X 3- i?2 KQbi bmBi#H2 +QK#BMiBQM 7Q` i?`22 M/ 7Qm` +?MM2Hb
r2`2 +?MM2Hb (9- d- N) M/ (9- N- RR- Rk)- `2bT2+iBp2HvX
9X .Bb+mbbBQM
AM i?2 +m``2Mi bim/v- i?2 QTiBKHHv b2H2+i2/ 2H2p2M +?MM2H +M `2+? mT iQ NdW
i?2 #2bi T2`7Q`KM+2- r?B+? Bb +QMbBbi2Mi rBi? }M/BM; BM18- BHHmbi`iBM; i?i ir2Hp2
#BTQH` b1J: +?MM2H +M `2+? N3X3W Q7 i?2 #2bi T2`7Q`KM+2 r?2M mbBM; i?2
2MiB`2 >. 1J: KTX h?2 mb2 Q7 irQ b1J: +?MM2Hb iQ +QMi`QH i?2 QT2M- +HQb2
bii2 Q7  T`Qi?2iB+ ?M/ +M ;m`Mi22 i?2 `Q#mbiM2bb- #mi Bi Bb 7` 7`QK #2BM;
BMimBiBp2 M/ bK`iX h?2`27Q`2- i?2 +m``2Mi bim/v 7m`i?2` +QM}`Kb i?i- +QK#BMBM;
/pM+2/ K+?BM2@H2`MBM; H;Q`Bi?K- 2H2p2M Q` ir2Hp2 b1J: +?MM2Hb +M #2 
;QQ/ +?QB+2 iQ 7mH}H  KmHiB@7mM+iBQMH JvQ>JAX
1H2+i`Q/2 b?B7i Bb rB/2Hv ++2Ti2/ iQ #2 i?2 KQbi M2;iBp2 7+iQ` BM~m2M+2 ?M/
;2bim`2 `2+Q;MBiBQM ++m`+vX Ai Bb 2p2M bB;MB}+Mi 7Q` BMi2`@/v ?M/ ;2bim`2 `2+Q;@
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MBiBQM- r?2`2 2H2+i`Q/2 TQbBiBQM Kv b?B7i  HQi /m`BM; /Bz2`2Mi r2`BM;bX b /Bb@ 
+mbb2/ #v "Qb+?KM 2i HX33- i?2 mb2 Q7 bm{+B2Mi b1J: +?MM2Hb +M +QKT2Mbi2 
bHB;?i 2H2+i`Q/2 b?B7i H2bb i?M QM2 +K- #mi KQ`2 i?M k@+K b?B7i rQmH/ +QKTH2i2Hv 
/2i2`BQ`i2  +HbbB}+iBQM bvbi2KX AMimBiBp2Hv- i?2 QTiBKBbiBQM Q7 2H2+i`Q/2 +QM};@ 
m`iBQM Bb HBF2Hv iQ KBiB;i2 i?2 BKT+i Q7 2H2+i`Q/2 b?B7iX b /2KQMbi`i2/ BM 6B;X 
3- i?2 +?MM2Hb rBi? i?2 H`;2` MmK#2` UMBM2 iQ bBti22MV Bb T`272``2/ #v i?2 ;2M2iB+ 
H;Q`Bi?KX b +M #2 7QmM/ BM 6B;X Ry- i?2b2 2H2+i`Q/2 +?MM2Hb `2 HQ+i2/ BM i?2 
KB/ 7Q`2`KX "v i?2 +QKT`BbQM Q7 T`QtBKH M/ KB/ 7Q`2`K MiQKv- KB/ 7Q`2@ 
`K Kv T`QpB/2 KQ`2 `B+? BM7Q`KiBQM QM Kmb+mH` +iBp2b 7`QK /Bz2`2Mi Kmb+H2bX 
Ai Bb #2+mb2 i?2 b1J: bB;MH +Tim`2/ 7`QK i?2 T`QtBKH 7Q`2`K Kv #2 /QKB@ 
Mi2/ #v i?2 ~2tQ` M/ 2ti2MbQ` M/ i?2 /22T Kmb+H2 +iBpBiB2b `2 H2bb `2~2+i2/- 
#mi i?2b2 /22T Kmb+H2b Kv #2+QK2 b?HHQr BM i?2 KB/ 7Q`2`KX AM bmK- TH+BM; 
2H2+i`Q/2 QM i?2 KB/ 7Q`2`K Bb KQ`2 HBF2Hv iQ T`QpB/2 `B+? BM7Q`KiBQM 7Q` BMi2`@/v 
?M/ ;2bim`2 `2+Q;MBiBQM- /2bTBi2 i?2 /B{+mHiv Q7 2H2+i`Q/2 TQbBiBQMBM; QM i?2 bHQT2 
Q7 i?2 7Q`2`KX
8X *QM+HmbBQM
h?2 +m``2Mi bim/v /QTi2/ ;2M2iB+ H;Q`Bi?K iQ BKTH2K2Mi i?2 b1J: +?MM2H QT@ 
iBKBbiBQM ibF 7Q` BMi2`@/v ?M/ ;2bim`2 `2+Q;MBiBQM ++m`+vX  b1J: /ib2i 
rb `2+Q`/2/ 7Q` i?2 2tT2`BK2MibX M ;2M2iB+ H;Q`Bi?K r2`2 bT2+BHHv /2p2HQT2/ 
7Q` b1J: +?MM2H QTiBKBbiBQM- BM+Hm/BM; i?2 +?`QKQbQK2 2M+Q/BM;- +`QbbQp2` M/ 
KmiiBQM- #MQ`KH +?`QKQbQK2 `2KQp2`X h?2 2tT2`BK2MiH `2bmHib /Bb+HQb2/ i?i 
RV i?2 mb2 Q7 2H2p2M b1J: +?MM2Hb +M `2+? NdW Q7 i?2 #2bi T2`7Q`KM+2 QM BMi2`@ 
/v ;2bim`2 `2+Q;MBiBQMc kV TH+BM; i?2 2H2+i`Q/2b QM i?2 KB/ 7Q`2`K +M +?B2p2 
#2ii2` T2`7Q`KM+2 i?M QM i?2 T`QtBKH 7Q`2`Kc jV h?2 QTiBKBb2/ +?MM2H +QK@ 
#BMiBQM #v ;2M2iB+ H;Q`Bi?K +QmH/ BKT`Qp2 i?2 ++m`+v #v KQ`2 i?M jW BM i?2 
+QKT`BbQM rBi? i?2 #b2HBM2- r?B+? rb p2`B}2/ #v +`Qbb@pHB/iBQM i2biX
eX +FMQrH2/;K2Mib
h?2 +QMi`B#miBQM rb 7mM/2/ #v i?2 di? 7`K2rQ`F T`Q;`KK2 Q7 i?2 1m`QT2M 
lMBQM U:`Mi LQX eyyNR8VX
"B#HBQ;`T?v
RX .X 6`BM- aX J2K#2`- LX CBM;- >X _2?#mK- aX J2K#2`- X >QHQ#`- "X :`BKMM-
>X .B2iH- M/ PX *X bxKMM- ǳh?2 1ti`+iBQM Q7 L2m`H AM7Q`KiBQM 7`QK i?2 am`7+2
1J: 7Q` i?2 *QMi`QH Q7 lTT2`@GBK# S`Qbi?2b2b , 1K2`;BM; p2Mm2b M/ *?HH2M;2b-Ǵ
A111 h`MbX L2m`H avbiX _2?#BHX 1M;X- pQHX kk- MQX 9- TTX dNdĜ3yN- kyR9X
kX "X >m/;BMb- SX S`F2`- M/ _X LX a+Qii- ǳ M2r bi`i2;v 7Q` KmHiB7mM+iBQM KvQ2H2+i`B+
+QMi`QH-Ǵ A111 h`MbX "BQK2/X 1M;X- pQHX 9y- MQX R- TTX 3kĜN9- RNNjX
jX uX 6M;- .X w?Qm- EX GB- M/ >X GBm- ǳAMi2`7+2 S`Qbi?2b2b rBi? *HbbB}2`@622/#+F
#b2/ lb2` h`BMBM;-Ǵ A111 h`MbX "BQK2/X 1M;X- pQHX e9- MQX RR- TTX k8d8Ĝk83j- kyRdX
9X wX Cm- :X PmvM;- JX qBHKQrbF@EQ`bF- M/ >X GBm- ǳam`7+2 2K; #b2/ ?M/
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KMBTmHiBQM B/2MiB}+iBQM pB MQMHBM2` 72im`2 2ti`+iBQM M/ +HbbB}+iBQM-Ǵ A111
a2MbQ`b CX- pQHX Rj- MQX N- TTX jjykĜjjRR- kyRjX
8X uX amM- *X GB- :X GB- :X CBM;- .X CBM;- >X GBm- wX w?2M;- M/ qX a?m- ǳ:2bim`2 `2+Q;@
MBiBQM #b2/ QM FBM2+i M/ b2K; bB;MH 7mbBQM-Ǵ JQ#BH2 L2irQ`Fb M/ TTHB+iBQMb-
TTX RĜN- kyR3X
eX sX *?2M- .X w?M;- M/ sX w?m- ǳTTHB+iBQM Q7  b2H7@2M?M+BM; +HbbB}+iBQM K2i?Q/
iQ 2H2+i`QKvQ;`T?v Tii2`M `2+Q;MBiBQM 7Q` KmHiB7mM+iBQMH T`Qbi?2bBb +QMi`QH-Ǵ C
L2m`Q2M; _2?#BHX- pQHX Ry- MQX R- TX 99- kyRjX
dX aX GB- CX >2- sX a?2M;- >X GBm- M/ sX w?m- ǳavM2`;v@/`Bp2M KvQ2H2+i`B+ +QMi`QH 7Q`
2K;@#b2/ T`Qbi?2iB+ KMBTmHiBQM,  +b2 bim/v-Ǵ AMiX CX >mKMQB/ _Q#QiB+b- pQHX RR-
MQX yk- TX R98yyRj- kyR9X
3X _X J2MQM- :X .B *i2`BM- >X GFMv- GX S2i`QTQmHFBb- "X X *QMrv- M/ CX CX
aQ`;?M- ǳaim/v QM BMi2`+iBQM #2ir22M i2KTQ`H M/ bTiBH BM7Q`KiBQM BM +HbbB@
}+iBQM Q7 2K; bB;MHb 7Q` KvQ2H2+i`B+ T`Qbi?2b2b-Ǵ A111 h`MbX L2m`H avbiX _2?#BHX
1M;X- pQHX k8- MQX Ry- TTX R3jkĜR39k- kyRdX
NX uX .m- qX CBM- qX q2B- uX >m- M/ qX :2M;- ǳam`7+2 1J:@"b2/ AMi2`@a2bbBQM
:2bim`2 _2+Q;MBiBQM 1M?M+2/ #v .22T .QKBM /TiiBQM-Ǵ a2MbQ`b- TTX eĜN- kyRdX
RyX qX :2M;- uX .m- qX CBM- qX q2B- uX >m- M/ CX GB- ǳ:2bim`2 `2+Q;MBiBQM #v BMbiM@
iM2Qmb bm`7+2 1J: BK;2b-Ǵ a+BX _2TX- pQHX e- MQX R- TX je8dR- kyReX
RRX >X .H2v- EX 1M;H2?`i- GX >`;`Qp2- M/ lX Em`m;MiB- ǳ>B;? /2MbBiv 2H2+i`QKvQ@
;`T?v /i Q7 MQ`KHHv HBK#2/ M/ i`Mb`/BH KTmi22 bm#D2+ib 7Q` KmHiB7mM+iBQM
T`Qbi?2iB+ +QMi`QH-Ǵ CX 1H2+i`QKvQ;`X EBM2bX- pQHX kk- MQX j- TTX 9d3Ĝ39- kyRkX
RkX *X GX SmHHBK- CX JX GK#`2+?i- M/ _X 6X EB`b+?- ǳ1H2+i`QKvQ;`K@#b2/ M2m`H
M2irQ`F +QMi`QH Q7 i`Mb?mK2`H T`Qbi?2b2b-Ǵ CX _2?#BHX _2bX .2pX- pQHX 93- MQX e- TTX
djNĜ89- kyRRX
RjX X 6Qm;M2`- 1X a+?2K2- X .X *?M- EX 1M;H2?`i- M/ PX aip/?H- ǳ KmHiB@KQ/H
TT`Q+? 7Q` ?M/ KQiBQM +HbbB}+iBQM mbBM; bm`7+2 2K; M/ ++2H2`QK2i2`b-Ǵ *QM7X
S`Q+X A111 1M;X J2/X "BQHX aQ+X- pQHX kyRR- TTX 9k9dĜ8y- kyRRX
R9X aX Jm+2HB M/ .X 6`BM- ǳaBKmHiM2Qmb M/ T`QTQ`iBQMH 2biBKiBQM Q7 ?M/ FBM2@
KiB+b 7`QK 2K; /m`BM; KB``Q`2/ KQp2K2Mib i KmHiBTH2 /2;`22b@Q7@7`22/QK-Ǵ A111
hX avbiX _2?#BHX 1M;X- pQHX ky- MQX j- TTX jdRĜ3- kyRkX
R8X _X LX E?mb?#- X H@MB- M/ X H@CmKBHv- ǳP`i?Q;QMH 7mxxv M2B;?#Q`?QQ/ /Bb@
+`BKBMMi MHvbBb 7Q` KmHiB7mM+iBQM KvQ2H2+i`B+ ?M/ +QMi`QH-Ǵ A111 h`MbX "BQK2/X
1M;X- pQHX 8d- MQX e- TTX R9RyĜN- kyRyX
ReX 6X h2MQ`2- X _KQb- X 6?Kv- aX +?`v- _X 1iB2MM2@*mKKBM;b- M/ LX oX h?FQ`-
ǳhQr`/b i?2 +QMi`QH Q7 BM/BpB/mH }M;2`b Q7  T`Qbi?2iB+ ?M/ mbBM; bm`7+2 2K;
bB;MHb-Ǵ *QM7X S`Q+X A111 1M;X J2/X "BQHX aQ+X- pQHX kyyd- TTX eR9eĜN- kyydX
RdX X CX uQmM;- GX CX >`;`Qp2- M/ hX X EmBF2M- ǳAKT`QpBM; KvQ2H2+i`B+ Tii2`M `2+Q;@
MBiBQM `Q#mbiM2bb iQ 2H2+i`Q/2 b?B7i #v +?M;BM; BMi2`2H2+i`Q/2 /BbiM+2 M/ 2H2+i`Q/2
+QM};m`iBQM-Ǵ A111 h`MbX "BQK2/X 1M;X- pQHX 8N- MQX j- TTX e98Ĝe8k- kyRkX
R3X >X >2- wX SBM;- GX :mM;HBM- M/ hX X EmBF2M- ǳM MHvbBb Q7 2K; 2H2+i`Q/2 +QM@
};m`iBQM 7Q` i`;2i2/ Kmb+H2 `2BMM2`piBQM #b2/ M2m`H K+?BM2 BMi2`7+2-Ǵ A111
h`MbX avbiX _2?#BHX 1M;X- pQHX Re- MQX R- TTX jdĜ98- kyy3X
RNX uX 6M;- LX >2iiB`+?+?B- .X w?Qm- M/ >X GBm- ǳJmHiB@KQ/H b2MbBM; i2+?MB[m2b 7Q`
BMi2`7+BM; ?M/ T`Qbi?2b2b,  `2pB2r-Ǵ A111 a2MbX CX- pQHX R8- MQX RR- TTX eye8Ĝeyde-
kyR8X
kyX *X *bi2HHBMB M/ SX oX .X aK;i- ǳam`7+2 2K; BM /pM+2/ ?M/ T`Qbi?2iB+b-Ǵ "BQHX
*v#2`MX- pQHX Ryy- MQX R- TTX j8Ĝ9d- kyyNX
kRX lX "bTBM`- >X aX o`QH- M/ oX uX a2Mvm`2F- ǳS2`7Q`KM+2 +QKT`BbQM Q7 `iB}+BH
M2m`H M2irQ`F M/ ;mbbBM KBtim`2 KQ/2H BM +HbbB7vBM; ?M/ KQiBQMb #v mbBM; b2K;
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R3 w?2M; qM;- uBM72M; 6M;- M/ >QM;?B GBm
bB;MHb-Ǵ "BQ+v#2`MX "BQK2/X 1M;X- pQHX jj- MQX R- TTX jjĜ98- kyRjX
kkX LX JX EFQiv M/ aX JX >x`BF- ǳ_2+Q;MBiBQM Q7 ;`bT ivT2b i?`Qm;? T`BM+BTH
+QKTQM2Mib Q7 /ri #b2/ 2K; 72im`2b-Ǵ A111 AMiX *QM7X _2?#BHX _Q#Qi- pQHX kyRR-
TX 8Nd8jN3- kyRRX
kjX *X *bi2HHBMB- 1X :`mTTBQMB- X .pHHB- M/ :X aM/BMB- ǳ6BM2 /2i2+iBQM Q7 ;`bT 7Q`+2
M/ TQbim`2 #v KTmi22b pB bm`7+2 2H2+i`QKvQ;`T?v-Ǵ CX S?vbBQHX S`BbX- pQHX Ryj-
MQX j@8- TTX k88Ĝek- kyyNX
k9X :X >mM;- wX w?M;- .X w?M;- M/ sX w?m- ǳaTiBQ@bT2+i`H }Hi2`b 7Q` HQr@/2MbBiv
bm`7+2 2H2+i`QKvQ;`T?B+ bB;MH +HbbB}+iBQM-Ǵ J2/X "BQHX 1M;X *QKTmiX- pQHX 8R-
MQX 8- TTX 89dĜ88- kyRjX
k8X :X .`Qbi- .X 6X ai2;2KM- "X :X pM 1M;2H2M- M/ JX CX wr`ib- ǳ*HBMB+H TTHB+iBQMb
Q7 ?B;?@/2MbBiv bm`7+2 2K;,  bvbi2KiB+ `2pB2r-Ǵ CX 1H2+i`QKvQ;`X EBM2bX- pQHX Re-
MQX e- TTX 83eĜeyk- kyyeX
keX .X w?Qm- uX 6M;- LX Em#Qi- M/ >X GBm- ǳam`7+2 1J: #b2/ ?M/ KQiBQM `2+Q;@
MBiBQM mbBM; +QK#BM2/ ;`QrBM; M2m`H ;b M/ HBM2` /Bb+`BKBMMi MHvbBb-Ǵ BM Ryi?
AMi2`MiBQMH *QM72`2M+2 QM >mKM avbi2K AMi2`+iBQM U>aAkyRdVX A111- kyRdX
kdX JX X PbFQ2B M/ >X >m- ǳ:@#b2/ 72im`2 bm#b2i b2H2+iBQM 7Q` KvQ2H2+i`B+ +HbbB}@
+iBQM-Ǵ kyye A111 AMi2`MiBQMH *QM72`2M+2 QM _Q#QiB+b M/ "BQKBK2iB+b- _P"AP
kyye- TTX R9e8ĜR9dy- kyyeX
k3X uX 6M;- sX w?m- M/ >X GBm- ǳ.2p2HQTK2Mi Q7  bm`7+2 2K; +[mBbBiBQM bvbi2K rBi?
MQp2H 2H2+i`Q/2b +QM};m`iBQM M/ bB;MH `2T`2b2MiiBQM-Ǵ BM S`Q+X AMiX *QM7X AMi2HX
_Q#X TTHX aT`BM;2`- kyRj- TTX 9y8Ĝ9R9X
kNX uX 6M;- >X GBm- :X GB- M/ sX w?m- ǳ KmHiB+?MM2H bm`7+2 2K; bvbi2K 7Q` ?M/
KQiBQM `2+Q;MBiBQM-Ǵ AMiX CX >mKMQB/ _Q#QiB+b- pQHX Rk- MQX yk- TX R88yyRR- kyR8X
jyX uX 6M; M/ >X GBm- ǳ_Q#mbi b2K; 2H2+i`Q/2b +QM};m`iBQM 7Q` Tii2`M `2+Q;MBiBQM
#b2/ T`Qbi?2bBb +QMi`QH-Ǵ BM avbi2Kb- JM M/ *v#2`M2iB+b UaJ*V- kyR9 A111 AM@
i2`MiBQMH *QM72`2M+2 QMX A111- kyR9- TTX kkRyĜkkR8X
jRX uX 6M;- ǳAMi2`+iBM; rBi? T`Qbi?2iB+ ?M/b pB 2H2+i`QKvQ;`T?v bB;MHb-Ǵ S?X.X
/Bbb2`iiBQM- lMBp2`bBiv Q7 SQ`ibKQmi?- kyR8X
jkX EX 1M;H2?`i M/ "X >m/;BMb- ǳ `Q#mbi- `2H@iBK2 +QMi`QH b+?2K2 7Q` KmHiB7mM+iBQM
KvQ2H2+i`B+ +QMi`QH-Ǵ A111 h`MbX "BQK2/X 1M;X- pQHX 8y- MQX d- TTX 393Ĝ389- kyyjX
jjX X "Qb+?KMM M/ JX SHixM2`- ǳ_2/m+BM; +HbbB}+iBQM ++m`+v /2;`/iBQM Q7
Tii2`M `2+Q;MBiBQM #b2/ KvQ2H2+i`B+ +QMi`QH +mb2/ #v 2H2+i`Q/2 b?B7i mbBM;  ?B;?
/2MbBiv 2H2+i`Q/2 ``v-Ǵ BM *QM7X S`Q+X A111 1M;X J2/X "BQHX aQ+X A111- kyRk- TTX
9jk9Ĝ9jkdX
w?2M; qM; `2+2Bp2/ i?2 "XaX BM "BQHQ;B+H 1M;BM22`BM; 7`QK
w?2DBM; lMBp2`bBiv Q7 h2+?MQHQ;v BM kyyN M/ i?2 JXaX /2;`22 BM
*QKTmiiBQMH "BQHQ;v 7`QK lMBp2`bBiv Q7 1bi M;HB BM kyRkX
>2 Bb +m``2MiHv  S?/ +M/B/i2 BM *QMi`QH a+B2M+2 i w?2DBM;
lMBp2`bBiv Q7 h2+?MQHQ;v- M/ ?2 HbQ ?QH/b  H2+im`2 TQbBiBQM BM
w?2DBM; BMbiBimi2 Q7 J2+?MB+H M/ 1H2+i`B+H 1M;BM22`BM;X
w?2M; qM; ?b Tm#HBb?2/ Qp2` Ry DQm`MH M/ +QM72`2M+2 TT2`bX >Bb `2b2`+?
BMbi2`2bi BM+Hm/2b AMi2HHB;2Mi *QKTmiBM; M/ AMi2HHB;2Mi avbi2Kb- *QKTH2t HQ;BbiB+b
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bvbi2K QTiBKBxiBQM /BbTi+? M/ `iB}+BH BMi2HHB;2M+2X
uBM72M; 6M; `2+2Bp2/ i?2 S?X.X /2;`22 7`QK lMBp2`bBiv Q7
SQ`ibKQmi? BM kyR8X >2 `2+2Bp2/ i?2 "XaX /2;`22 BM 1H2+i`B+H M/
AM7Q`KiBQM 1M;BM22`BM; M/ i?2 JXaX /2;`22 BM Sii2`M _2+Q;@
MBiBQM M/ AMi2HHB;2Mi avbi2K 7`QK i?2 w?2DBM; lMBp2`bBiv Q7
h2+?MQHQ;v- *?BM- BM i?2 v2` kyy8 M/ kyyN- `2bT2+iBp2HvX >2
Bb +m``2MiHv  a2MBQ` _2b2`+? bbQ+Bi2 BM i?2 AMi2HHB;2Mi avbi2K
M/ "BQK2/B+H _Q#QiB+b ;`QmT i i?2 lMBp2`bBiv Q7 SQ`ibKQmi?X
uBM72M; 6M; Bb i?2 mi?Q` Q7 Qp2` ky T22`@`2pB2r2/ DQm`MH M/ +QM72`2M+2
TT2`bX >Bb `2b2`+? BMi2`2bib BM+Hm/2 #BQ2H2+i`B+ bB;MHb +[mBbBiBQM 2H2+i`QMB+b UM@
HQ; M/ /B;BiHV- bB;MH T`Q+2bbBM; M/ `iB}+BH BMi2HHB;2M+2 H;Q`Bi?Kb 7Q` Tii2`M
`2+Q;MBiBQM M/ +QMi`QH- M2m`QKmb+mH` BMi2`7+2b- pB`imH M/ m;K2Mi2/ `2HBiv
7Q` M2m`QKmb+mH` `2?#BHBiiBQMX
>QM;?B GBm `2+2Bp2/ ?Bb S?X. /2;`22 7`QK EBM;Ƕb *QHH2;2 GQM@
/QM- lEX >2 Bb  *?B` BM BMi2HHB;2Mi bvbi2Kb i i?2 a+?QQH Q7
*QKTmiBM;- i?2 lMBp2`bBiv Q7 SQ`ibKQmi?- lEX >2 T`2pBQmbHv
?2H/ `2b2`+? TTQBMiK2Mib i i?2 lMBp2`bBiB2b Q7 GQM/QM- lMB@
p2`bBiv Q7 #2`/22M- M/ T`QD2+i H2/2` TTQBMiK2Mib BM H`;2@
b+H2 BM/mbi`BH +QMi`QH M/ bvbi2K BMi2;`iBQM BM/mbi`vX >Bb `2@
b2`+? ?b #22M 7mM/2/ #v lE `2b2`+? +QmM+BHb- 1l 6Sd- i?2
G2p2`?mHK2 h`mbi- i?2 _QvH aQ+B2iv M/ BM/mbi`v T`iM2`bX
>QM;?B GBm Bb i?2 mi?Q` Q7 Qp2` kyy i2+?MB+H Tm#HB+iBQMb- T`Q+22/BM;b
2/BiQ`BHb M/ #QQFbX >2 Bb HbQ i?2 *Q@1/BiQ`@BM@*?B27 7Q` i?2 aT`BM;2` CQm`MH Q7
AMi2HHB;2Mi _Q#QiB+b M/ TTHB+iBQMb M/ bbQ+Bi2 1/BiQ` 7Q` A111 h`Mb+iBQMb
QM AM/mbi`BH 1H2+i`QMB+b M/ A111 h`Mb+iBQMb QM AM/mbi`BH AM7Q`KiB+bX >2 Bb
BMi2`2bi2/ BM BMi2HHB;2Mi b2MbBM;- #BQK2+?i`QMB+b- Tii2`M `2+Q;MBiBQM- BMi2HHB;2Mi
pB/2Q MHviB+b- BMi2HHB;2Mi `Q#QiB+b M/ i?2B` T`+iB+H TTHB+iBQMb rBi? M 2K@
T?bBb QM TT`Q+?2b i?i +QmH/ KF2 +QMi`B#miBQM iQ i?2 BMi2HHB;2Mi +QMM2+iBQM Q7
T2`+2TiBQM iQ +iBQM mbBM; +QMi2timH BM7Q`KiBQMX
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